Abstract-In this paper, we address the optimization of a two-way Multiple-Input-Multiple-Output (MIMO) Amplify-andForward (AF) relay network. We consider a multiple access broadcast scheme which finishes communication in two time slots. In order to optimally choose the beamforming coefficients of relays, we devise the following criteria: the beamforming coefficient matrices are optimized aiming to minimize the total relay transmission power subject to output Signal-to-Noise-Ratio (SNR) constraint at each transceiver. To design the MIMO equalizer, we impose the Zero-Forcing (ZF) constraint. Since the original optimization problems generated from the criteria are intractable, compromise is essential. So we consider local optimum the problems. Through relaxation, we find that the relaxed optimization problems can be formulated as the SecondOrder-Cone-Programming (SOCP) problems which can be solved efficiently using the existing toolboxes. The validity of the proposed algorithm is verified by computer simulations.
I. INTRODUCTION R
ELAYING technique which is capable of extending communication range and coverage by providing help of relay nodes to the shadowed users, has obtained extensive study in recent years. For collaborative relaying technique, the network with single pair of users and multiple relay nodes which are equipped with single antenna has been widely investigated [1] - [3] . Multiple relay nodes construct a MIMO environment at the relay layer. Equipped with multiple antennas at each transmit and receive nodes, the user nodes can also take advantage of MIMO techniques, such as spatial multiplexing, space-time coding and beamforming, etc. Attracted by these merits, more and more algorithms are reported which aim to optimize the MIMO relay network. These MIMO relay networks may be categorized as the following: multiple users with single antenna and multiple relays with multiple antennas [4] , single pair of users and single relay all with multiple antennas [5] , single pair of users and multiple relays all with multiple antennas [6] , multiple pairs of users and single relay all with multiple antennas [7] , [8] , and multiple pairs of users and multiple relays all with multiple antennas [9] . Most of these algorithms consider optimization of the beamforming vector, relaying weighting matrix and the MIMO equalization matrix in a one-way scheme.
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The author wishes to acknowledge the financial support of the National Science Foundation of China through Grant No. 61101094 and No.61201275. signal. To optimize the beamforming coefficients of relays, we adopt the following criteria: the beamforming coefficient matrices are optimized aiming to minimize the total relay transmission power subject to output SNR constraint at each transceiver; To design the MIMO equalizer, we impose the ZF constraint. Solving original optimization problems seems mathematically intractable, thereby we do some approximation. It is found that the original optimization problems can be relaxed as some SOCP problems. Using the cvx toolbox [10] , these problems can be efficiently solved.
Notation: We shall use lower case for vectors, while capital letters for matrices. * denotes the complex conjugate operation, denotes the matrix transposition operation, and denotes the complex conjugate transposition operation. The mixture of signals received by the ℎ relay can be expressed as r = H s 1 + G s 2 + v , where s 1 and s 2 are the transmitted signals with covariance matrix 1 I and 2 I, respectively. v denotes the additive white Gaussian noise (AWGN) with identical covariance matrix R = 2 I, ∀ = 1, ..., for all the relays in our paper. In the second time slot, Transceiver 1 receives
Because s 1 and s 2 are known by Transceiver 1 and Transceiver 2, respectively. Therefore, we have A MIMO equalizer is used at each transceiver, thereby the restored signal after equalization can be expressed asŝ 2 = D 1 x,ŝ 1 = D 2 y. Then we have: 1) Total relay transmission power:
2) Terminal SNR at Transceiver 1:
3) Terminal SNR at Transceiver 2:
) .
In the subsequent sections, we will use , 1 and 2 to optimize the beamforming matrices W , = 1, ..., and the MIMO equalizers D , = 1, 2.
III. MATHEMATICAL APPROXIMATION
From (1)- (3), it seems difficult to evaluate W , = 1, ..., and D , = 1, 2 as both of them appear in the signal term and noise term. Therefore, before designing the beamformers, we do some mathematical approximation so that they can be handled.
Lemma 1: Total relay transmission power can be expressed as a quadratic function of w:
The notation of h and g are given in the proof.
Proof : From (1), the ℎ row of (W H ) can be expressed as w (h ⊗ I ), where h denotes the ℎ column of matrix H . Therefore, the trace of (W H H W ) is given by the Frobenious-norm of (W H ), which can be computed as
press the trace of (W G G * W ) in the similar way, and substituting them into (1) yields
where g denotes the ℎ row of matrix G . Using the definitions in Lemma 1, (4) can be derived. The ZF constraint requires that 
where the definitions of ,˜, and˜are given in the proof.
Proof : It is straightforward to show that 
where 
If every term in the right side of (7) is smaller than
( 7) can be satisfied. For 2 ,similarly,we have
Because W is block diagonal matrices, there are many zero elements in (W), which do not contribute to calculation of (8), thereby can be omitted. Supposing Q is chosen such that w = Q (W) holds. Since Φ is diagonal in our problem, we have
With the analysis above and definitions given in Lemma 3, (6) can be derived.
IV. OPTIMIZATION OF THE PROPOSED RELAY NETWORK
In this section, we introduce optimization of the proposed two-way MIMO relay network. With the criterion we proposed, the optimization problem is formulated as minimize P , which subjects to
Then it can be approximated as a SOCP problem given as the following:
subject to
, the nominator of the left side of (6a) can be represented as
and
, the nominator of the left side of (6b) can be represented as ∥ U 3 w ′ ∥ 2 2 . Using these definitions, (6a) and (6b) can be expressed as ∥
wdd w, ∀ = 1, ..., 2 , respectively. From the fact that { } ≤| |, we have 
V. COMPUTER SIMULATIONS
In order to verify the validity of the proposed algorithm, we devise the following simulation scenarios. The number of antennas of Transceiver 1, Transceiver 2 and relays is assumed to be 1 = 2 = = 3, and the number of relays is = 10. The communication channel coefficients are modeled by complex Gaussian variables with zero-mean and variance 2 ℎ and 2 . The two transceivers transmit independent data streams from different antennas with 1 = 2 = 0 dB. The AGN on each antenna is assumed to be complex Gaussian variable with zero-mean and unit-variance, i.e., 2 = 2 = 2 = 0 dB. Sources are generated from a QPSK constellation. The values of SNR are computed from 100 independent trials for each plot.
We assume Figure 2 shows the cumulative distribution function (CDF) of the output SINR at Transceiver 2 with different values of 2 . In the figure, the value of 1 is assumed to vary from −6 dB to 6 dB with 2 dB stepsize. From the figure, we see that for a given 2 , the output SINR at Transceiver 2 does not change significantly with the variation of 1 , and the output 2 is about 2 to 3 dB higher than the value of 2 with 90% probability. This is reasonable since the proposed optimization problem gives a lower bound of the original problem. Figure 3 plots the CDF of output 1 with different values of 2 . It is found that the average output 1 with 2 = 6 dB is less than that with 2 = −6 dB. It is known that is allocated to the relays such that the two transceivers can simultaneously meet the required SNR. It can be concluded from Figure 3 that allocation tends to emphasize maximizing the output SINR which has higher requirement under the condition that the lower SNR requirement can be satisfied. Therefore, 1 can achieve a higher average value when 2 = −6 dB than that when 2 = 6 dB.
VI. CONCLUSIONS AND DISCUSSIONS
In this paper, we propose a criteria to optimize a two-way MIMO relay network .That is aiming to minimize the total relay transmission power subject to individual output SINR constraint and ZF constraint. The original optimization problems are mathematically intractable, thereby we approximate them to some SOCP problems which can be solved efficiently. Computer simulation demonstrate validity of the proposed algorithm.
